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fomite (e.g., inanimate object) transmission of pathogens. 
Fomite transmission in a fitness center may occur, for exam-
ple, when an infected person uses a piece of fitness equip-
ment, sheds pathogenic bacterial cells onto said equipment, 
subsequently neglects to properly clean the equipment after 
use, and then leaves the pathogenic equipment for other 
individuals to utilize. This mode of pathogen transmission 
is possible, because many microorganisms can survive for 
long periods of time on fomites. For example, Methicillin-
resistant Staphylococcus aureus (MRSA) has been shown 
to survive on inanimate surfaces for up to 60 days (Williams 
and Davis, 2009).

Community-acquired MRSA infections are known to be 
quite common (Tacconelli et al., 2018), and several studies 
have identified public gyms and fitness centers as possible 
sources of community infections (Goldhammer et al., 2006; 
Ryan et al., 2011; Mukherjee et al., 2014; Ibrahim et al., 
2018; Dalman et al., 2019; Fadare, 2019). However, results 
of these studies are often conflicted or limited. For example, 
one study found MRSA and methicillin-susceptible Staph-
ylococcus aureus (MSSA) on 98% of equipment sampled 
(Mukhurjee et al., 2014), while another study found no trace 
of MRSA on fitness equipment in three community gyms 
(Ryan et al., 2011). However, another study (Goldhammer et 
al., 2006) found no pathogens (MRSA or otherwise) on any 
fitness equipment, even in samples taken prior to equipment 

INTRODUCTION
According to the International Health, Racquet and Sports 
Club Association (IHRSA), there were over six billion visits to 
39,570 gyms and fitness centers in 2018 (Rodriguez, 2019). 
Due in part to this high level of patronage, these facilities 
are known to be potential reservoirs for community infec-
tions (Mukherjee et al., 2014). The nature of many workout 
routines (i.e., alternation between muscle groups and, there-
fore, between several types of equipment), combined with 
the fact that these equipment are shared by a large num-
ber of patrons, results in an environment suitable for indirect 
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Infections may spread indirectly when an infected person touches an object (i.e., fomite) leaving behind a pathogen that 
is picked up by the next person to touch that object. Fitness centers offer a unique opportunity for investigating fomite 
transmission of pathogenic bacteria, because these facilities are used by persons with varying levels of personal hygiene 
routinely sharing equipment via frequent and direct surface-to-skin contact. Previous studies of this phenomenon have 
investigated too few species, and/or failed to differentiate pathogenic or antibiotic resistant bacteria from non-pathogenic 
or antibiotic susceptible bacteria. The aims of this study were to survey fitness equipment for the presence of World Health 
Organization (WHO) priority pathogens and to test the hypothesis that fitness equipment are hosts to an abundance of 
pathogenic and antibiotic resistant bacteria. Swab samples were taken at three local fitness centers from equipment used 
in a typical workout routine which require direct surface-to-skin contact for proper use (i.e., barbells, chest fly machines, and 
dumbbells). Bacterial load, presence of pathogenic bacteria, and abundance of pathogenic and antibiotic resistant strains 
was determined via serial dilutions and plate counts, selective screening with specialized growth media, colony isolation, 
and biochemical tests using API® 20E chemical panels (bioMerieux, VWRTM, Radnor, PA), respectively. The most notable 
results of this study were bacterial loads much higher than what has been found in previous studies (Goldhammer et al., 
2006; Ryan et al., 2011; Mukherjee et al., 2014; Ibrahim et al., 2018; Dalman et al., 2019; Fadare, 2019) and 100 percent of 
fomites testing positive for Methicillin-resistant Staphylococcus aureus (MRSA).
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disinfection. Indeed, many studies focus on a limited subset 
of bacterial species or neglect to account for strains resistant 
to antibiotics, a pertinent area of research.

Several species of bacteria are increasingly becoming 
resistant to antibiotics, which means a larger proportion of 
pathogenic bacteria are becoming especially difficult to treat. 
According to the World Health Organization (WHO), approxi-
mately two million people are infected with antibiotic resis-
tant pathogens (resulting in over 23,000 deaths) per year 
(Ibrahim et al., 2018). WHO priority pathogens (pathogens 
which are deemed to be urgently requiring more research 
due to their transmissibility and mortality rates, among other 
factors (Table 1) include antibiotic resistant Acinetobacter 
baumannii, Pseudomonas aeruginosa, Enterococcus faeci-
um, Helicobacter pylori, Neisseria gonorrhoeae, Salmonella 
typhi, and several Enterobacteriaceae and Campylobacter 
species, in addition to MRSA (Tacconelli et al., 2018). Not 
enough is known about the quantity and diversity of these 
and other bacteria in fitness centers (Ibrahim et al., 2018).

These factors taken together (i.e., the high level of pa-
tronage in fitness centers combined with the commonality 
of community-acquired bacterial infections, the increase in 
antibiotic-resistant bacteria, and the dearth of research re-
garding WHO pathogens in fitness centers) illustrate the 
need for more research in this field. This study aimed to 
evaluate the role of fitness centers as community reservoirs 
for pathogenic and/or antibiotic resistant bacteria by testing 
the hypothesis that fitness center equipment are host to an 
abundance of WHO priority pathogens (Table 1). The ex-
pectation was to expand upon the limited knowledge of the 
potential for fitness centers to become reservoirs for com-
munity infection.

METHODS

Sample Collection
Barbells, chest fly machines, and dumbbells were sampled 
from three local fitness centers which ranged in size from 
3,500 to 16,000 square feet. These equipment were chosen 
for investigation, because they 1) were available for use at 
all three fitness centers, 2) are widely used as part of a typi-
cal workout routine (Hyde and Geiger, 2018), and 3) require 
direct surface-to-skin contact (via hands) to operate, making 
them potential fomites (i.e., reservoirs for pathogenic bac-
teria). Samples were taken at the same time of day (~5:00 
pm) at each fitness center to reduce site-to-site variability. 
Sampled equipment were swabbed in triplicate using ster-
ile cotton-tipped applicators (Med Vet International, Fisher 
ScientificTM, Waltham, MA) and latex gloves. The swabs 
were immediately placed in 5 mL of sterile deionized water 
and then stored at 4ºC until they could be processed in the 
laboratory.

Culturing Conditions
Each swab sample was used to prepare stock broth cultures 
in order to cultivate an adequate quantity of bacteria to be 
used for further testing. Stock broth cultures consisted of 5 

mL of Tryptic soy broth (TSB) inoculated with 1 mL of stored 
swab sample. TSB was prepared by mixing 12 g of the com-
mercially available powder (RemelTM, Fisher ScientificTM, 
Waltham, MA) with 400 mL of deionized water. This mixture 
was sterilized via autoclave (at 121ºC for 25 minutes) and 
then allowed to cool to room temperature prior to inocula-
tion. Inoculated broth cultures were incubated at 37ºC for 24 
hours and then stored at 4ºC for further processing.

Bacterial Loads
To quantify the bacterial loads for each swab sample, 
ten-fold serial dilutions were performed, followed by plate 
counts. Each sample to be enumerated was first prepared 
from 1 mL of stock broth culture mixed with 9 mL of sterile 
TSB. Next, 100 μL of each sample was mixed with 900 μL 
of sterile deionized water. Then, 100 μL of this mixture was 
mixed with 900 μL of sterile deionized water. This process 
was repeated until dilution factors for each sample ranged 
from 10-1 to 10-10. Diluted samples were next used to cre-
ate countable plates, i.e., plates containing between 30 and 
300 bacterial colonies. The spread plate method (even dis-
tribution of sample on agar surface via plate spreader) was 
employed to enumerate bacterial loads for the more highly 

Name Classifi-
cation

Gram 
Reaction

Cell 
Morphology

Aerotolerance

Acinetobacter 
baumannii

species negative bacillus obligate 
aerobe

Pseudomonas 
aeruginosa

species negative bacillus facultative 
aerobe

Enterococcus 
faecium

species positive cocci microaero-
philic

Helicobacter 
pylori

species negative spirochetes aerotolerant 
capnophilic 
anaerobe

Neisseria gonor-
rheae

species negative diplococci obligate 
aerobe

Salmonella typhi species negative bacillus facultative 
anaerobe

Enterobactera-
ceae

family negative bacillus facultative 
anaerobe

Campylobacter genus negative spirochetes/
bacillus

obligate 
anaerobe

MRSA species positive staphylococ-
cus

facultative 
anaerobes

Table 1. Identifying Characteristics of WHO Priority Patho-
gens. Fitness equipment was surveyed for the presence of World 
Health Organization (WHO) priority pathogens, which are patho-
gens which are deemed to be urgently requiring more research 
due to their mortality rates, among other factors. Some identifying 
characteristics for these pathogens include classification, Gram re-
action, cell morphology, and aerotolerance.
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diluted samples (i.e., dilution factors of 10-7, 10-8, 10-9, and 
10-10), which increased the chances of producing countable 
plates.

Agar plates were prepared with nutrient agar (NA) by 
mixing 9.2 g of commercially available NA powder (Re-
melTM, Fisher ScientificTM, Waltham, MA) with 400 mL 
deionized water. This mixture was sterilized via autoclave 
(at 121ºC for 25 minutes), then poured (13 mL each) into 
150 mm Petri dishes (FisherbrandTM, Fisher ScientificTM, 
Waltham, MA), and finally allowed to cool to room tempera-
ture prior to inoculation. Post inoculation, the dilution plates 
were incubated at 37ºC for 24 hours.

After incubation, colony-forming units per milliliter (CFU/
mL) were calculated for each countable plate. This is the 

conventional way of reporting bacterial loads and represents 
the number of bacterial cells found in 1 mL of an experi-
mental sample. It is calculated by multiplying the number of 
colonies present on the countable plate by the reciprocal of 
the dilution factor used to inoculate said plate.

Selective Screening
Preliminary screening for WHO priority pathogens was per-
formed using selective and specialized media plates, each 
inoculated via simple streak method and incubated at 37ºC 
for 24 hours. Selective screening for Gram-negative patho-
gens (e.g., P. aeruginosa, H. pylori, and S. typhi) (Table 1), 
was done by observing growth characteristics and morphol-
ogies for each broth culture on MacConkey agar (RemelTM, 
Fisher ScientificTM, Waltham, MA). MacConkey agar plates 
were prepared by mixing 20 grams of the commercial pow-
der with 400 mL deionized water. This mixture was steril-
ized via autoclave (at 121ºC for 25 minutes), poured (13 mL 
each) into 150 mm Petri dishes (FisherbrandTM, Fisher Sci-
entificTM, Waltham, MA), and then allowed to cool to room 
temperature prior to inoculation. Further screening for fluo-
roquinolone-resistant Salmonella was performed using pre-
made specialty media, i.e., MacConkey agar plates with 1 
μg/mL ciprofloxacin (RemelTM, Fisher ScientificTM, Waltham, 
MA).

Selective screening for MRSA was done by observing 
growth characteristics and morphologies for each broth cul-
ture on premade Thermo ScientificTM SpectraTM MRSA 
medium (Fisher ScientificTM, Waltham, MA). Additional 
screening for Vancomycin-resistant E. faecium was per-
formed using Thermo ScientificTM RemelTM Columbia CNA 
w/5% Sheep Blood and Vancomycin (6 μg/mL; Fisher Scien-
tificTM, Waltham, MA).

Analytical Profile Index
Identification was confirmed and refined for suspected 
Gram-negative pathogens by performing API® 20E chemi-
cal panels (bioMerieux, VWRTM, Radnor, PA) on colonies 
successfully isolated on MacConkey agar and by comparing 
the results to those listed in the analytical profile index (API-
WEBTM). These chemical panels allowed for fast, accurate 
identification of Enterobacteriaceae family bacteria to the 
genus- or species-level. Samples taken from isolated colo-
nies were suspended in 1 mL of TSB and pipetted into each 
of the 20 wells of the panel. The panels were then incubated 
overnight at 37ºC, and observed for byproducts of specific 
biochemical reactions (Figure 1). Results of these reactions 
were compared to those listed in the analytical profile index 
(APIWEBTM) and crossed-referenced with Bergey’s Manual 
of Determinative Microbiology (Holt, 1994) and D-Bite Data-
base (B. M. Birla Science and Technology Centre, 2016) for 
further confirmation of genus and/or species identification.

Figure 1. API® 20 E Test Panels. API® 20E test panels were 
used to further identify specimen which showed positive results 
for screening via Gram-negative selective media. These panels 
included a series of 20 biochemical tests; the results of which 
were then cross referenced with the Analytical Profile Index (API-
WEBTM), Bergey’s Manual of Determinative Microbiology (Holt, 
1994), and D-Bite Database (B. M. Birla Science and Technology 
Centre, 2016) to confirm identification on genus and/or species 
level(s).

Figure 2. Bacterial Load Distribution by Equipment Type. A 
comparison of combined bacterial loads among the three types of 
fitness equipment investigated: barbells had the highest combined 
bacterial load (1.2 x 1013 CFU/mL), followed closely by chest fly 
machines (1.0 x 1013 CFU/mL). There were much less bacteria 
(4.5 x 1010 CFU/mL) found on dumbbells, significantly less than 
on barbells (F = 502.95, p < 0.001) or on chest fly machines (F = 
541.96, p < .001).
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Table 2. Overall Results Summary. Summarized results for all tests are shown, including bacterial loads, selective screening, and 
analytical profile index. The single highest bacterial load (1.0 x 1013 CFU/mL) was found on one set of barbells, while the lowest bacte-
rial load (7.6 x 109 CFU/mL) was found on one of the three chest fly machines. Employing several types of selective media and API 20E 
test panels, several pathogens where identified, including MRSA, vancomycin-resistant Enterococcus faecium, fluoroquinolone-resistant 
Salmonella, and Edwardsiella tarda.

RESULTS

Bacterial Loads
Bacterial loads (CFU/mL) were quantified for each fitness 
equipment sampled at each fitness center (Table 2). The 
abundance of bacteria was such that even the lowest bacte-
rial load was several billion cells and the highest was over 
ten trillion cells (range: 7.6 x 109 – 1.0 x 1013 CFU/mL, mean: 
2.5 x 1012, σ: 2.2 x 106 CFU/mL). Analysis of variance (ANO-
VA) tests showed there was no correlation between the size 
of each fitness center and bacterial load (p > 0.05). How-
ever, there was an effect of equipment type on bacterial load 
(Figure 2). For example, barbells had the highest combined 
bacterial load (1.2 x 1013 CFU/mL), followed closely by chest 
fly machines (1.0 x 1013 CFU/mL). There were much less 
bacteria (4.5 x 1010 CFU/mL) found on dumbbells, signifi-
cantly less than on barbells (F = 502.95) or on chest fly ma-
chines (F = 541.96).

Selective Screening
Preliminary screening via MacConkey Agar yielded Gram-
negative specimen on 56% of equipment sampled. Growth 
on MacConkey Agar indicated the presence of Gram-neg-
ative bacteria, and a change in color indicated the as yet 

to be identified bacterial species was capable of fermenting 
lactose. These specimens were chosen for further analysis 
(via API© 20E test panels: bioMerieux, VWRTM, Radnor, PA). 
Fluoroquinolone-resistant Salmonella screening resulted 
in positive results for 22% of equipment sampled (i.e., one 
chest fly machine and one dumbbell). SpectraTM MRSA 
agar yielded positive results for MRSA from all fitness equip-
ment sampled. That is, MRSA was found on all three types 
of equipment sampled from all three fitness centers. Screen-
ing with Columbia CNA agar for Vancomycin-resistant E. 
faecium showed 55% of samples (including one barbell, two 
chest fly machines, and one dumbbell) were positive for an-
tibiotic resistant E. faecium (Table 2).

Overall Results
Specimen obtained from swabbed barbells yielded 4.0 x 
1012 mean CFU/mL of bacteria, of which, methicillin-resis-
tant Staphylococcus aureus (MRSA), E. faecium (resistant), 
Salmonella (genus, susceptible), and E. tarda (susceptible) 
were successfully identified (Table 2). Chest fly machines 
were host to 3.5 x 1012 mean CFU/mL of bacteria, consist-
ing of MRSA, E. faecium (resistant), Salmonella (genus, 
resistant), S. typhi (resistant), and E. tarda (susceptible). 

Equipment and Location
Barbells Chest Fly Machines Dumbbells

1 2 3 1 2 3 1 2 3

Bacterial Load: CFU/mL 2.2E+10 2.1E+12 1.0E+13 1.0E+13 7.6E+09 3.5E+11 8.3E+09 2.7E+10 9.5E+0.9

MacConkey Agar No growth
Growth (+)

Color 
change (+)

No growth No growth
Growth (+)

Color 
change (+)

Growth (+)
Color 

change (-)
No growth

Growth (+)
Color 

change (-)

Growth (+)
Color 

change (+)

MacConkey Agar w/ 1% 
ciprofloxacin No growth No growth No growth No growth Growth (+) 

resistant No growth Growth (+) 
resistant No growth No growth

SpectraTM MRSA 
Medium

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Growth (+)
Color 

change (+)

Columbia CNA w/ 5% 
sheep blood and vanco-
mycin

No growth Growth (+) 
resistant No growth No growth Growth (+) 

resistant
Growth (+) 

resistant
Growth (+) 

resistant No growth No growth

API 20E test panels NA
Salmonella, 
Edwardsi-
ella tarda

NA NA
Salmonella, 
Edwardsi-
ella tarda

Salmonella 
typhi Salmonella Edwardsi-

ella tarda Salmonella

Genus/species identified MRSA

MRSA, 
vancomycin-

resistant 
Enterococ-

cus faecium, 
Salmonella, 
Edwardsi-
ella tarda

MRSA MRSA

fluoroqui-
nolone-
resistant 

Salmonella 
MRSA, 

vancomycin-
resistant 

Enterococ-
cus faecium, 
Edwardsi-
ella tarda

MRSA, 
vancomycin-

resistant 
Enterococ-

cus faecium, 
Salmonella 

typhi

MRSA, fluo-
roquinolone-

resistant 
Salmonella

MRSA, Ed-
wardsiella 

tarda

MRSA, 
Salmonella
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Finally, dumbbells yielded 1.5 x 1010 mean CFU/mL of bacte-
ria, including MRSA, Salmonella (genus, both resistant and 
susceptible), and E. tarda (susceptible). WHO priority patho-
gens not found in samples taken from any type of investigat-
ed fitness equipment included A. baumannii, P. aeruginosa, 
H. pylori, N. gonorrheae and Campylobacter (Table 1).

DISCUSSION
The results supported the hypothesis that fitness center 
equipment were host to an abundance of WHO priority 
pathogens. While previous studies reported fomite bacterial 
loads of up to 20 to 50 million CFU/mL (Chitturi and Lakshmi, 
2018; Dalman, et al., 2019), this study yielded much a high-
er range (7.6 x 109 – 1.0 x 1013 CFU/mL, mean: 2.5 x 1012 

CFU/mL) of bacterial abundance. Additionally, at least one 
(and up to three) antibiotic resistant WHO pathogens were 
identified from each equipment sampled (Table 2). MRSA 
was present in 100% of samples, which is of great concern, 
because this WHO pathogen is easily transmitted, highly 
symptomatic (sores that progress to infections of the heart 
and blood), and difficult to treat (Mayo Foundation, 2018). 
Fluoroquinolone-resistant Salmonella (present on 22% of 
sampled equipment) causes fever, diarrhea, and abdominal 
pain (Mayo Foundation, 2018). S. enterica (serotype typhi) 
can present as gastroenteritis, typhoid-like illness, enteric fe-
ver (Bhetwal et al., 2017) and septicemia (Polat et al., 2017). 
Furthermore, positive screening for E. faecium is of concern, 
because these species can cause urinary tract infections, 
endocarditis, intra-abdominal infection (Bush and Perez, 
2017), and are sometimes resistant to antibiotic treatment 
(Kristich et al., 2014) as seen in the results of this study. E. 
tarda, is part of the Enterobacteraceae family included in the 
WHO priority pathogen list (Tacconelli et al., 2018). E. tarda 
(found in 55% of samples) causes gastrointestinal disease 
with possible exacerbation of inflammatory bowel syndrome 
effects (Arya et al., 2011). Additionally, this species poses a 
threat of mortality to people with liver cirrhosis or liver dis-
ease (Hirai et al., 2015), although this is rare. In total, trans-
ference of these bacterial strains in recreational facilities is 
of great public health concern.

These findings expand upon the previously limited eval-
uation of fitness centers as bacterial reservoirs and give 
insight into the potential public health concerns of these 
facilities. There is a clear need for precaution when utiliz-
ing fitness center equipment, including widespread use of 
proper gym etiquette (i.e., wiping down equipment after 
use, sitting on towels, bringing mats from home) to help pre-
vent the spread of potential pathogens (St. Clair Martin and 
Chaney, 2007). It is also important to shower and properly 
wash hands before and after an exercise routine, because 
these actions can greatly reduce the risk of infection and 
transmission of harmful bacteria (Mathur, 2011).

A surprising finding was the significantly lower abun-
dance of bacteria found on the dumbbells as compared to 
barbells (F = 502.95) or on chest fly machines (F = 541.96). 
The types of material used in the construction of fitness 
equipment may be worthy of consideration in future studies. 
The standard for these equipment had been steel bars and 
plates since the founding of the International Foundation of 
Body Building (IFBB) in 1946. However, solely steel exposed 
and constructed equipment has given way to rubber coated 
equipment in recent years. For example, a recent study by 
Ibrahim et. al (2018) found that copper alloy weights and 
grips reduced bacterial loads by as much as 94%, as com-
pared to their rubber and stainless-steel counterparts.

Other studies have noted that there appears to be a lack 
of effective disinfection measures (Goldhammer et al., 2006) 
in gym facilities, and the present study results confirm this. A 
logical follow up study would be to assess antimicrobial ac-
tivities of commercially available chemical disinfectants used 
to clean fitness center equipment, which is indeed, a study 
recently completed by the authors. It was found that a com-
mercial disinfectant containing alkyl-dimethyl-ethyl benzyl 
and dimethyl-benzyl ammonium chlorides (namely, Formula 
409®) was able to kill all bacterial species on fitness equip-
ment at a minimum inhibitory concentration (MIC) of 4.6 x 
10-2 μg/mL, or 1/25 its normal concentration (Prevost and 
Simms, 2020).

Further research may include larger sample sizes (i.e., 
more locations, greater variety of equipment, etc.) so as to 
increase the capacity for statistical analysis. Other studies 
may also aim to collect samples more longitudinally. For ex-
ample, sampling for this study was done in the month of Au-
gust, a time of the year when fitness center utilization may 
decrease due to vacationing and outdoor exercise options, 
among other factors.

It is also important to note that this study employed 
culture-dependent techniques and that many species of 
bacteria are difficult to culture (Vartoukian et. al, 2016). This 
means that even with extensive sampling and variable con-
trols, diversity and abundance of pathogenic or antibiotic 
resistant bacteria on fitness center equipment may still be 
relatively unknown. Therefore, future experimental designs 
should include culture-independent (i.e., DNA sequencing 
and bioinformatics) methods.
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